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EXECUTIVE SUMMARY

MDM Transportation Consultants, Inc. (MDM) has prepared this Traffic Impact Assessment
(TIA) for the proposed 40B residential development (the Site) to be located along Long Ridge
Road in Carlisle, Massachusetts. This report documents existing operational and safety-related
characteristics of roadways serving the development Site, estimates future year operating
characteristics of these roadways independent of the development, estimates development-
related trip generation, and identifies incremental impacts of Site-related traffic.

E.1 PROJECT DESCRIPTION

The site is an approximate 10-acre primarily wooded area along the easterly side of Long Ridge
Road in Carlisle, Massachusetts. The location of the site relative to adjacent streets is shown in
Figure 1. The Site currently includes a single-family home with a detached barn. Access to the
existing use is via a single, full-access driveway along Long Ridge Road.

Under the proposed site plan, a residential development will be constructed to include 20
single-family homes. Access to the residential homes will be via a proposed cul-de-sac roadway
that intersects Long Ridge Road approximately 120 feet south of Garnet Rock Lane. The
existing single-family home on the site is proposed to remain with a newly constructed
driveway off the proposed interior roadway. The existing barn will be razed as part of the
project.
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E2 STUDY AREA

This TIA evaluates transportation characteristics of roadways and intersections that provide a
primary means of access to the site. The study area was identified in consultation with the
Town’s transportation peer review consultant (Nitsch Engineering) and includes the following
unsignalized intersections as shown in Figure 1:

Long Ridge Road at Nowell Farme Road

Nowell Farme Road at River Road and Skelton Road
Bedford Road (Route 225) at Skelton Road

Bedford Road (Route 225) at River Road

Long Ridge Road at Proposed Site Driveway

O 0O o oo

E3 SUMMARY OF ANALYSIS AND FINDINGS

Key findings of the traffic impact assessment are as follows:

o Existing Traffic Conditions. Traffic count data collected in October 2014 indicates that
Long Ridge Road carries approximately 51 vpd on a weekday and approximately 3 vph
during weekday morning and evening peak hours.

o Safety Data. Incident records indicate crash experience at the study intersections fall
below the District-wide average crash rate for unsignalized intersections. Therefore, no
immediate safety-based countermeasures are required at this time.

o Site Traffic Generation. The proposed 20-unit residential development is projected to
generate up to 25 total vehicle-trips during weekday peak hours using industry-
standard trip rates and methodology. This represents less than one additional vehicle
trip every 2 minutes, on average — an increase that is not expected to materially impact
travel on area roadways.

o Adequate Roadway Capacity. Capacity analyses indicate that ample capacity is generally
available along study area roadways and intersections to accommodate projected site
traffic increases under existing conditions. Project-related trip increases are anticipated
to have negligible impact on intersection operations with no change in level of service
expected. The exception is the River Road approach to Route 225 during the weekday
evening peak hour which experiences relatively long delays (LOS F operations).
However, project-related trip increases at this intersection amount to one additional
vehicle every 6 minutes — an amount that is imperceptible to the average motorist and is
not expected to materially impact intersection operations.

O Proposed Roadway Sight Lines. Available SSD and ISD at the proposed site roadway along
Long Ridge Road generally exceed minimum AASHTO criteria based on observed travel
speeds and assuming selective clearing of vegetation and on-site re-grading.

2
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o On-site Recommendations. MDM recommends that on-street parking around the cul-de-
sac should be prohibited to enhance site circulation. In addition, landscaping could
potentially limit sight lines on the inside of the horizontal curve at Unit 18. As such, a
no-planting area should be designated along its frontage.

o Off-site Recommendations. Independent of the proposed development, MDM suggests
that the Town conduct routine maintenance of the trees and vegetation located in the
southwest and northwest quadrant of the River Road/Nowell Farme Road/Skelton Road
intersection to improve sight lines at this location. In addition, MDM suggests that the
Town consider formalizing a secondary means of access (gated) to the existing Nowell
Farme Road neighborhood via Prospect Street for emergency purposes if desired by
local emergency responders.

In summary, the proposed 20-unit residential development is not expected to have any material
impact on traffic operations, safety or capacity on the adjacent roadway system. The proposed
site roadway intersection along Long Ridge Road is expected to operate well below capacity
with Level of Service (LOS) A operations and adequate sight lines.
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1.0 INTRODUCTION

MDM Transportation Consultants, Inc. (MDM) has prepared this Traffic Impact Assessment
(TIA) for the proposed 40B residential development to be located along Long Ridge Road in
Carlisle, Massachusetts. This report documents existing operational and safety-related
characteristics of roadways serving the development Site, estimates future year operating
characteristics of these roadways independent of the development, estimates development-
related trip generation, and identifies incremental impacts of Site-related traffic. ~Access
improvements are identified for the development to meet operational needs of the Site.

1.1 PROPOSED DEVELOPMENT

The site is an approximate 10-acre primarily wooded area along the easterly side of Long Ridge
Road in Carlisle, Massachusetts. The location of the site relative to adjacent streets is shown in
Figure 1. The Site currently includes a single-family home with a detached barn. Access to the
existing use is via a single, full-access driveway along Long Ridge Road.

Under the proposed site plan, a residential development will be constructed to include 20
single-family homes. Access to the residential homes will be via a proposed cul-de-sac roadway
that intersects Long Ridge Road approximately 120 feet south of Garnet Rock Lane. The
existing single-family home on the site is proposed to remain with a newly constructed
driveway off the proposed interior roadway. The existing barn will be razed as part of the
project. Figure 2 presents a preliminary site layout for the development prepared by Meisner
Brem Corporation.
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1.2 STUDY METHODOLOGY

This transportation impact assessment consists of several steps. The first step documents
existing conditions in the transportation study area including an inventory of roadway
geometry, observed traffic volumes, public transportation, and safety characteristics. Next,
future year traffic conditions are forecast that account for other planned area developments,
normal area growth, and development-related traffic increases. The third step quantifies
operating characteristics of the study intersections. Specific attention is given to the incremental
impacts of the proposed development. Finally, improvements are identified to address specific
development-related requirements as needed.

1.3 STUDY AREA

This TIA evaluates transportation characteristics of roadways and intersections that provide a
primary means of access to the site. The study area was identified in consultation with the
Town’s transportation peer review consultant (Nitsch Engineering) and includes the following
unsignalized intersections as shown in Figure 1:

Long Ridge Road at Nowell Farme Road

Nowell Farme Road at River Road and Skelton Road
Bedford Road (Route 225) at Skelton Road

Bedford Road (Route 225) at River Road

Long Ridge Road at Proposed Site Driveway

O 0o o oo
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2.0 EXISTING CONDITIONS

2.1 STUDY AREA ROADWAY NETWORK

The study area roadways and intersections are described briefly in this section. A general
description of the physical roadway and intersection features is provided. The study area
includes roadways under local (Town) jurisdiction. The study area and intersection are
depicted in Figure 1.

2.1.1 Roadways

Bedford Road (Route 225)

Bedford Road (Route 225) is primarily a north-south roadway within the study area and is
classified by the Massachusetts Department of Transportation (MassDOT) as a rural major
collector roadway under local (Town) jurisdiction. Bedford Road generally provides one lane of
travel in each direction separated by a double yellow centerline within the study area. Route
225 connects Carlisle center with the Bedford town line to the east and the Westford town line
to the west. In the immediate study area, the posted (regulatory) speed limit is 40 miles per
hour (mph). Sidewalks are not provided along Bedford Road in the study area. Land use along
Bedford Road in the study area is primarily residential with open space and conservation land.

Long Ridge Road

Long Ridge Road is primarily a north-south roadway classified by MassDOT as a local roadway
under Town jurisdiction. Long Ridge Road is a two-way, dead-end road with a single travel
lane in each direction. Long Ridge Road connects Nowell Farme Road and Garnet Rock Lane.
Sidewalks are not provided along Long Ridge Road. At the northerly end of Long Ridge Road,
a trail connects Long Ridge Road to the David Corridor and Malcolm Lands walking trails. The
Town of Carlisle’s walking trail map for the site vicinity is provided in the Appendix for
reference. Land use along Long Ridge Road consists of single-family homes and wooded area.
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Nowell Farme Road

Nowell Farme Road is primarily an east-west roadway classified by MassDOT as a local
roadway under Town jurisdiction. Nowell Road is a dead-end road with a single travel lane in
each direction. Nowell Farme Road has a paved width of approximately 24 feet. Sidewalks are
not provided along Nowell Farme Road. Nowell Farme Road provides a connection between
River Road and Long Ridge Road, Garnet Rock Lane and other neighborhood roadways
accessing approximately 49 single-family homes. School bus stop locations along Nowell Farme
Road were identified based on bus route information provided on the Carlisle Public School’s
website and are presented in the Appendix for reference.

Skelton Road

Skelton Road is primarily an east-west roadway classified by MassDOT as a local roadway
under Town jurisdiction. Skelton Road connects River Road with Route 225 and provides a
single travel lane in each direction. Sidewalks are not provided along Skelton Road. The
posted speed limit along Skelton Road is 30 mph. Land use along Skelton Road consists of
single-family homes and wooded area.

River Road

River Road is primarily a north-south roadway that connects Route 225 with Monument Street
in Concord. River Road is classified by MassDOT as a rural minor collector roadway under
Town jurisdiction. River Road generally provides a single travel lane in each direction. Within
the study area, the posted speed limit along River Road is 35 mph north of Skelton Road and 30
mph south of Skelton Road. The posted speed limit along River Road is reduced to 25 mph in
the northbound travel direction near its intersection with Route 225. Land use along River
Road primarily consists of single-family homes.

2.1.2 Intersections

Long Ridge Road at Nowell Farme Road

Long Ridge Road meets Nowell Farme Road to form a three-way, unsignalized intersection. All
approaches to the intersection provide a single, general-purpose travel lane in each direction
with Long Ridge Road under “STOP”-sign control. A school bus stop is located at the
intersection (see Appendix for bus stop location). Land use at the intersection consists of
residential uses.

Nowell Farme Road at River Road and Skelton Road

River Road meets Nowell Farme Road and Skelton Road to form a four-way, unsignalized
intersection with the Nowell Farme Road and Skelton Road approaches operating under
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“STOP”-sign control. All approaches to the intersection provide a single, general-purpose
travel lane in each direction. It should be noted that the roadside embankment located in the
southwest quadrant and line of trees located in the northwest quadrant of the intersection
restricts sight lines from Nowell Farme Road. Land use at the intersection consists of residential
uses.

Bedford Road (Route 225) at Skelton Road

Bedford Road (Route 225) meets Skelton Road to form a three-legged, unsignalized intersection
with the Skelton Road approach operating under “STOP”-sign control. All approaches to the
intersection provide a single, general-purpose travel lane in each direction. Land use at the
intersection consists of residential uses.

Bedford Road at River Road

Bedford Road (Route 225) meets River Road and the commercial driveway to 887 Bedford Road
to form a four-way, unsignalized intersection. River Road approaches Bedford Street at a
skewed angle and operates under “STOP”-sign control while Bedford Road operates freely. All
approaches to the intersection provide a single, general-purpose travel lane in each direction.
The commercial driveway at 1 River Road is located in immediate proximity to the intersection.
Traffic controls are not posted for the commercial driveway at 887 Bedford Road and 1 River
Road, however, motorists from these properties were observed to yield to Bedford Road traffic.
Land use at the intersection primarily consists of commercial uses.

2.2 EXISTING TRAFFIC VOLUMES

Daily traffic volumes and manual turning movement count (TMC) data were collected at the
study intersections and roadways during the weekday morning (7:00 AM -9:00 AM) and
weekday evening (4:00 PM - 6:00 PM) periods to coincide with peak traffic activity of the
proposed residential use and the adjacent streets.

2.2.1 Daily Traffic

Daily traffic volumes were collected on Long Ridge Road in the site vicinity using a radar-based
automatic traffic recorder (ATR) in October 2014 and are summarized in Table 1 with detailed
count data provided in the Appendix.
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TABLE 1
EXISTING TRAFFIC-VOLUME SUMMARY - LONG RIDGE ROAD

Peak Hour
Daily Percent Peak Hour Peak Flow Directional
Time Period Volume (vpd)! Daily Traffic2 Volume (vph)®>  Direction* = Volume (vph)
Weekday Morning Peak Hour 51 6% 3 67% SB 2
Weekday Evening Peak Hour 51 6% 3 67% NB 2

I"Two-way daily traffic expressed in vehicles per day without seasonal adjustment.
2The percent of daily traffic that occurs during the peak hour (K-factor).
3Two-way peak-hour volume expressed in vehicles per hour.

4NB = Northbound, SB = Southbound

As summarized in Table 1, Long Ridge Road carries approximately 51 vpd in the site vicinity
and approximately 3 vph during the weekday morning and weekday evening peak periods.
Traffic was observed to be slightly heavier in the southbound direction (exiting the
neighborhood) during the weekday morning peak hour and in the northbound direction
(entering the neighborhood) during the weekday evening peak hour.

2.2.2 Peak-Hour Traffic

Daily traffic volumes and manual turning movement count (TMC) data were collected at the
study intersections and roadways during the weekday morning (7:00 AM -9:00 AM) and
weekday evening (4:00 PM - 6:00 PM) periods to coincide with peak traffic activity of the
proposed residential use and the adjacent streets. Traffic data used in this evaluation were
collected in September and October 2014 when Carlisle Public Schools and Concord-Carlisle
High School were in session. Permanent count station data published by MassDOT for the area
indicates that September and October are above-average traffic months. Therefore, no
adjustment (reduction) in observed traffic volumes was applied to present a conservative
analysis.

The weekday morning and evening peak hour traffic volumes for the study intersection are
shown in Figure 3 and Figure 4. Traffic count data and MassDOT permanent count station data
are provided in the Appendix.

23 MEASURED TRAVEL SPEEDS

Vehicle speeds were obtained for the Long Ridge Road northbound and southbound travel
directions using a radar-based traffic recorder. Table 3 summarizes the observed average and
85t percentile travel speeds for Long Ridge Road in the site vicinity. Field data are provided in
the Appendix.
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TABLE 3
SPEED STUDY RESULTS - LONG RIDGE ROAD

Observed Travel Speeds
Travel Regulatory
Direction Speed Limit! Average? 85th Percentile?
Northbound 30 21 25
Southbound 30 22 27

1No posted speed limit along Long Ridge Road; Regulatory speed limit = prima facie speed limit of 30 mph.
2Arithmetic mean (mph)
3The speed at or below which 85 percent of the vehicles are traveling.

As summarized in Table 3, the average travel speed along Long Ridge Road in the site vicinity
was observed to be 21 miles per hour (mph) in the northbound travel direction and 22 mph in
the southbound travel direction. The 85t percentile travel speed on Long Ridge Road in the site
vicinity was observed to be 25 mph for the northbound travel direction and 27 mph in the
southbound travel direction.

In summary, the observed average and 85% percentile travel speeds along Long Ridge Road are
lower than the regulatory speed limit and generally consistent with the functionality of the
roadway.

24 SAFETY

In order to identify crash trends and safety characteristics for study area intersections, crash
data were obtained from MassDOT and local police department records for the Town of
Carlisle. Crash rates were determined for each study area intersection. These rates quantify the
number of accidents per million entering vehicles. MassDOT has determined the accident rates
within the District 4 area (which includes the Town of Carlisle) to be 0.77 for signalized
intersections and 0.58 for unsignalized intersections. These rates represent MassDOT’s
“average” crash experience for communities within the District and serve as a basis for
comparing reported crash rates for study area intersections located within the districts. Where
calculated crash rates notably exceed the district average, some form of safety countermeasures
may be warranted.

Crash data was obtained from MassDOT for the latest three-year period available (2010 through
2012). Crash data was also obtained from local police department records from 2011 through
2013 to supplement MassDOT data. A summary of the reported crash data with crash rates for
the study area intersections is detailed in Table 2. The Appendix contains a tabulation of
MassDOT crash data and associated crash rate calculations.

10
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TABLE 2
INTERSECTION CRASH SUMMARY

2010 THROUGH 2013
Route 225 at Route 225 at Nowell Farme Road at
Data Category River Road Skelton Road River Road

Traffic Control Unsignalized Unsignalized Unsignalized
Crash Rate? 0.28 0.08 0.14
District 4 Avg? 0.58 0.58 0.58
Year:

2010 2 0 1

2011 0 0 0

2012 1 0 0

2013 2 1 0

Total 5 1 1
Type:

Angle 0 0 1

Rear-End 0 0 0

Head-On 0 0 0

Sideswipe 0 0 0

Single Vehicle 4 0 0

Other/Unknown 1 1 0
Severity:

P. Damage Only 2 0 1

Personal Injury 2 0 0

Fatality 0 0 0

Unknown 1 1 0
Conditions:

Dry 4 0 1

Wet 0 0 0

Snow 0 0 0

Other/Unknown 1 1 0
Time:

7:00 to 9:00 AM 1 0 0

4:00 to 6:00 PM 0

Rest of Day 4 1 1

1Source: MassDOT Crash Database and Carlisle Police Department Records
2Crashes per million entering vehicles
3District 4 averages = 0.58 (unsignalized)

11
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As summarized in Table 2:

o The Route 225/River Road intersection experienced a crash rate of 0.28 which is well
below the District 4 average of 0.58. Five (5) crashes were reported at the intersection
including four (4) single vehicle crashes and one (1) crash of unknown collision type.
Two (2) of the crashes resulted in property damage only, two (2) resulted in non-fatal
injury and one (1) crash was of unknown severity. The majority of crashes occurred
under dry roadway conditions (80%) and occurred outside of peak commuting periods
(80%). No fatalities or pedestrian-related incidents were reported during the study
period.

o The Route 225/Skelton Road intersection experienced one (1) reported collision
resulting in a crash rate of 0.08 which is well below the District 4 average of 0.58. The
crash type, severity and roadway conditions were not reported for this collision. The
crash occurred outside of the peak commuting periods.

o The River Road/Nowell Farme Road/Skelton Road intersection experienced one (1)
reported crash resulting in a crash rate of 0.14 which is well below the District 4
average of 0.58. The reported crash involved an angle-type collision resulting in
property damage only. The crash occurred under dry roadway conditions outside of
the peak commuting periods. No fatalities or pedestrian-related incidents were
reported.

There were no reported crashes at the Long Ridge Road/Nowell Farme Road intersection
during the four-year study period.

2.5 SIGHTLINE ANALYSIS

The evaluation documents sight distances for vehicles exiting from the proposed site driveway
onto Long Ridge Road with comparison to recommended guidelines for the posted speed limit
and measured travel speeds.

The American Association of State Highway and Transportation Officials’ (AASHTO)
standards’ reference two types of sight distance which are relevant at the proposed site
driveway intersection with Long Ridge Road: stopping sight distance (SSD) and intersection
sight distance (ISD). Sight lines for critical vehicle movements at the proposed Long Ridge
Road/Site Driveway intersections were compared to minimum SSD and ISD for the measured
travel speeds along Long Ridge Road in the site vicinity.

Y A policy on Geometric Design of Highways and Streets, American Association of State Highway and Transportation Officials
(AASHTO), 2011.

12
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Stopping Sight Distance

Sight distance is the length of roadway visible to the motorist to a fixed object. The minimum
sight distance available on a roadway should be sufficiently long enough to enable a below-
average operator, traveling at or near a regulatory speed limit, to stop safely before reaching a
stationary object in its path, in this case, a vehicle exiting from the proposed site driveway onto
Long Ridge Road. The SSD criteria are defined by AASHTO based on design and operating
speeds, anticipated driver behavior and vehicle performance, as well as physical roadway
conditions. SSD includes the length of roadway traveled during the perception and reaction
time of a driver to an object, and the distance traveled during brake application on wet, level
pavements. Adjustment factors are applied to account for roadway grades.

SSD was estimated in the field using AASHTO standards for driver’s eye (3.5 feet) and object
height equivalent to the taillight height of a passenger car (2.0 feet) for the Long Ridge Road
southbound approach to the proposed site driveway. Table4 presents a summary of the
available SSD for the Long Ridge Road roadway segment approaching the proposed site
driveway and AASHTO’s recommended SSD for the observed average and 85t percentile travel
speeds.

TABLE 4
STOPPING SIGHT DISTANCE SUMMARY
LONG RIDGE ROAD APPROACHES TO PROPOSED SITE DRIVEWAY

AASHTO Recommended!
Available
Intersection/ Stopping Regulatory Average 85t Percentile
Approach Sight Distance Speed Limit? Travel Speed? Travel Speed*
Northbound >300 Feet 190 Feet 120 Feet 150 Feet
Southbound 270+ Feet 200 Feet 130 Feet 170 Feet

TRecommended sight distance based on AASHTO, A Policy on Geometric Design of Highways and Streets. Based on driver height of
eye of 3.5 feet to object height of 2.0 feet and adjustments for roadway grade.

2No posted speed limit along Long Ridge Road; Regulatory speed limit = prima facie speed limit of 30 mph.

3Average travel speeds: Long Ridge Road =21 mph NB and 22 mph SB

485th Percentile travel speeds: Long Ridge Road =25 mph NB and 27 mph SB

As summarized in Table 4, available SSD generally exceeds AASHTO recommended SSD
criteria at the proposed site driveway intersection with Long Ridge Road for the regulatory
speed limit and ambient travel speeds.

13
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Intersection Sight Distance

Clear sight lines provide sufficient sight distance for a stopped driver on a minor-road approach
to depart from the intersection and enter or cross the major road. As stated under AASHTO's
Intersection Sight Distance (ISD) considerations, “...If the available sight distance for an entering
...vehicle is at least equal to the appropriate stopping sight distance for the major road, then drivers have
sufficient sight distance to avoid collisions...To enhance traffic operations, intersection sight distances
that exceed stopping sight distances are desirable along the major road.” AASHTQO’s ISD criteria are
defined into several “cases”. Each case depends on the type of traffic control at the intersection
(e.g. no control, Yield sign, Stop sign, and signal control), and the specific vehicle maneuver in
question (crossing, right- or left-turn). In this case, the proposed site driveway approach to
Long Ridge Road is proposed to be under STOP sign control. The ISD in question relates to the
ability to turn left onto Long Ridge Road.

Available ISD was estimated in the field using AASHTO standards for driver’s eye (3.5 feet),
object height (3.5 feet) and decision point (14.5 feet from edge of travel way) for the westerly
direction along Long Ridge Road. Table5 presents a summary of the available ISD for the
departure from the proposed site driveway and AASHTO’s recommended ISD for the
measured travel speeds.

TABLE 5
INTERSECTION SIGHT DISTANCE SUMMARY
PROPOSED SITE DRIVEWAY DEPARTURE TO LONG RIDGE ROAD

AASHTO Minimum!
Available
Intersection/ Intersection Regulatory Average 85th Percentile
Approach Sight Distance Speed Limit? Travel Speed? Travel Speed*
Looking North 285+ Feet® 200 Feet 130 Feet 170 Feet
Looking South >300 Feet? 190 Feet 120 Feet 150 Feet

Recommended sight distance based on AASHTO, A Policy on Geometric Design of Highways and Streets. Based on driver height of
eye of 3.5 feet and an object height of 3.5 feet and adjustments for roadway grade if required. Minimum value as noted represents
SSD per AASHTO guidance.

2No posted speed limit along Long Ridge Road; Regulatory speed limit = prima facie speed limit of 30 mph.

3Average travel speeds: Long Ridge Road =21 mph NB and 22 mph SB

485t Percentile travel speeds: Long Ridge Road =25 mph NB and 27 mph SB

5Assumes selective removal of on-site vegetation and re-grading as needed.

14
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As summarized in Table 5, analysis results indicate that ample ISD will be provided at the
proposed site driveway along Long Ridge Road assuming selective removal of on-site
vegetation and re-grading as necessary. New plantings (shrubs, bushes) or physical landscape
features to be located within the driveway sight lines should be maintained at a height of 2 feet
or less to ensure unobstructed lines of sight.
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3.0 FUTURE CONDITIONS

Evaluation of the proposed development impacts requires the establishment of a future baseline
analysis condition. This section estimates future roadway and traffic conditions with and
without the proposed development. To be consistent with industry standards, a five-year
planning horizon was selected.

To determine the impact of Site-generated traffic volumes on the roadway network under
future conditions, baseline traffic volumes in the study area were projected to a future year
condition. Traffic volumes on the roadway network at that time, in the absence of the
development (that is, the No-Build condition), would include existing traffic, new traffic due to
general background traffic growth, and traffic related to specific development by others that is
currently under review at the local and/or state level. Consideration of these factors resulted in
the development of No-Build traffic volumes. Anticipated Site-generated traffic volumes were
then superimposed upon these No-Build traffic-flow networks to develop future Build
conditions.

The following sections provide an overview of future No-Build traffic volumes and projected
Build traffic volumes.

3.1 BACKGROUND TRAFFIC GROWTH

Background traffic includes demand generated by other planned developments in the area as
well as demand increases caused by external factors. External factors are general increases in
traffic not attributable to a specific development and are determined using historical data.
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3.1.1 Historical Area Growth

Nearby permanent count station data published by MassDOT indicates a declining (-0.9% per
year) growth rate in recent years. For purposes of this evaluation and to present a conservative
analysis, a 0.5 percent growth rate was used (approximate 2.5 percent increase over a 5-year
horizon). This growth rate is higher than historic rates, and as such, is also expected to account
for any small fluctuation in hourly traffic as may occur from time to time in the study area and
traffic associated with small vacancies or developments in the area. Background growth rate
calculations are provided in the Appendix.

3.1.2 Background Development-Related Growth

Development of future No-Build traffic volumes also considers traffic generated through the
study area from other specific area developments. Based on discussion with Town Planning
staff, there is currently one permitted development project in the area that may increase traffic
at the study intersections:

o 121 Skelton Road Subdivision (Map 1, Parcels 2A1, 2A2 & 2A3): This residential
project is permitted for 6 single-family homes of which one (1) is completed. Traffic
associated with the remaining 5 single-family homes to be built was estimated using
industry-standard trip rates published by the Institute of Transportation Engineers
(ITE) and applied to the study area roadway network using existing travel patterns.
The site-specific trip tracings are provided in the Appendix.

In addition, MDM contacted the Town of Bedford Planning Department to determine if there
are any approved projects in Bedford that may impact traffic in the study area. MDM has
reviewed several approved projects identified by Bedford Planning Staff and found that each
project is at least 2.5 miles from the study area. Given each project’s size, use and location
relative to the study area, traffic associated with these developments in Bedford are considered
to be reasonably accounted for in the conservative background growth rate of 0.5 percent per
year.

3.2  NO-BUILD TRAFFIC VOLUMES

To account for future traffic growth in the study area, future No-Build traffic volumes are
developed by increasing the existing (baseline) volumes by approximately 2.5 percent
(0.5 percent compounded annually over 5years) and adding traffic associated with the
remaining build-out of the Skelton Road subdivision project. The resulting No-Build traffic
volumes are displayed in Figure 5 and Figure 6.
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3.3 SITE-GENERATED TRAFFIC

The trip generation estimates for the proposed residential use are provided for the weekday
morning and weekday evening peak periods, which correspond to the critical analysis periods
for the proposed residential use and adjacent street traffic flow. New traffic generated by the
project was estimated using trip rates published in ITE’s Trip Generation® for the Land Use Code
(LUC) 210 - Single-Family Detached Housing.

Table 6 presents the trip-generation estimate for the proposed development based on ITE
methodology.

TABLE 6
TRIP-GENERATION SUMMARY

Period/Direction Vehicle Trips!

Weekday Morning Peak Hour

Entering 6
Exiting 18
Total 24

Weekday Evening Peak Hour

Entering 16
Exiting 9

Total 25

Weekday Daily 238

Source: ITE Trip Generation, Ninth Edition; 2012.
1Based on ITE LUC 210 applied to 20 single-family homes.

As summarized in Table 6, the proposed development is estimated to generate approximately
24 vehicle trips (6 entering and 18 exiting) during the weekday morning peak hour and
25 vehicle trips (16 entering and 9 exiting) during the weekday evening peak hour. On a daily
basis, the proposed residential uses are estimated to generate approximately 238 vehicle trips on
a weekday with 50 percent entering and exiting. Trip generation calculations are provided in
the Appendix. In order to provide a conservative analysis, no credit was taken for the existing
residential home on the site.

2Trip Generation, Ninth Edition; Institute of Transportation Engineers; Washington, DC; 2012.
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3.4 TRIP DISTRIBUTION AND ASSIGNMENT

The distribution for projected traffic for the residential development is based on existing travel
patterns of the adjacent roadway system (specifically, traffic patterns involving Nowell Farme
Road). The resulting trip distribution is presented in Figure 7. Trip distribution calculations
are provided in the Appendix.

Figure 8 and Figure 9 show projected site-generated traffic volumes for the proposed residential
development for the weekday morning and weekday evening peak hours, respectively, based
on trip generation estimates presented in Table 6 and projected travel patterns presented in
Figure 7.

3.5 BUILD TRAFFIC VOLUMES

2019 Build condition traffic volumes are derived by adding the incremental traffic increases for
the residential use at the site to the 2019 No-Build condition traffic volumes. Figure 10 and
Figure 11 present the 2019 Build condition traffic-volume networks for the weekday morning
and weekday evening peak hours, respectively.
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4.0 TRAFFIC OPERATIONS ANALYSIS

Intersection capacity analyses for the study intersections are presented in this section for the
Existing, No-Build, and Build traffic-volume conditions. Capacity analyses, conducted in
accordance with industry guidelines, provide an index of how well the roadway facilities serve
the traffic demands placed upon them. The operational results provide the basis for
recommended access and roadway improvements in the following section.

4.1 CAPACITY ANALYSIS PROCEDURES

Capacity analysis of intersections is developed using the Synchro® computer software, which
implements the methods of the 2010 Highway Capacity Manual (HCM). The resulting analysis
presents a level-of-service (LOS) designation for individual intersection movements. The LOS is
a letter designation that provides a qualitative measure of operating conditions based on several
factors including roadway geometry, speeds, ambient traffic volumes, traffic controls, and
driver characteristics. Since the LOS of a traffic facility is a function of the traffic flows placed
upon it, such a facility may operate at a wide range of LOS, depending on the time of day, day
of week, or period of year. A range of six levels of service are defined on the basis of average
delay, ranging from LOS A (the least delay) to LOS F (delays greater than 50 seconds for
unsignalized movements). The specific control delays and associated LOS designations are
presented in the Appendix.

4.2 INTERSECTION CAPACITY ANALYSIS RESULTS

Capacity analysis results for the weekday morning and weekday evening peak hour capacity
analysis results for the study intersections are described below, with detailed analysis results
presented in the Appendix.
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4.2.1 Level of Service Analysis

Level-of-Service (LOS) analyses were conducted for the 2014 Existing, 2019 No-Build and
2019 Build conditions for the study intersections. The results of the intersection capacity are
summarized below in Table7 and Table 8. Detailed analysis results are presented in the

Appendix.

TABLE 7

INTERSECTION CAPACITY ANALYSIS RESULTS

WEEKDAY MORNING PEAK HOUR

2014 Existing 2019 No-Build 2019 Build
Period/Intersection Approach v/c! Delay?  LOS? v/c Delay LOS v/c Delay LOS
Route 225 at Eastbound 0.28 25 C 0.30 26 D 0.34 27 D
River Road Westbound 0.00 9 A 0.00 9 A 0.00 9 A
Northbound Left 0.00 10 A 0.00 10 A 0.00 10 A
Route 225 at Eastbound 0.03 13 B 0.03 13 B 0.04 13 B
Skelton Road Northbound Left 0.04 9 A 0.04 9 A 0.04 9 A
Nowell Farme Road at  Eastbound 0.03 11 B 0.03 11 B 0.06 11 B
Skelton Road and Westbound 0.05 12 B 0.06 12 B 0.07 12 B
River Road Northbound 0.00 <5 A 0.00 <5 A 0.00 8 A
Southbound 0.00 7 A 0.00 7 A 0.00 7 A
Nowell Farme Road at  Eastbound 0.00 <5 A 0.00 <5 A 0.00 <5 A
Long Ridge Road Westbound 0.00 <5 A 0.00 <5 A 0.00 <5 A
Southbound 0.00 9 A 0.00 9 0.03 9 A
Long Ridge Road at Westbound  Exit n/a* n/a n/a n/a n/a n/a 0.02 9 A
Proposed Gite  Southbound Left n/a n/a n/a n/a n/a n/a 0.00 <5 A
Driveway
Volume-to-capacity ratio
2Average control delay per vehicle (in seconds)
3Level of service
“n/a =not applicable
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TABLE 8

INTERSECTION CAPACITY ANALYSIS RESULTS
WEEKDAY EVENING PEAK HOUR

2014 Existing 2019 No-Build 2019 Build
Period/Intersection Approach v/c! Delay?  LOS? v/c Delay LOS v/c Delay LOS

Route 225 at Eastbound >1.0 >50 F >1.0 >50 F >1.0 >50 F
River Road Westbound 0.01 15 B 0.01 15 B 0.01 15 B

Northbound Left 0.00 <5 A 0.00 <5 A 0.00 <5 A
Route 225 at Eastbound 0.05 10 A 0.05 10 A 0.05 10 A
Skelton Road Northbound Left 0.02 8 A 0.03 8 A 0.03 8 A
Nowell Farme Road at  Eastbound 0.05 12 B 0.05 13 B 0.07 13 B
Skelton Road and Westbound 0.08 13 B 0.09 13 B 0.10 13 B
River Road Northbound 0.01 7 A 0.01 7 A 0.01 7 A

Southbound 0.00 8 A 0.00 8 A 0.00 8 A
Nowell Farme Road at  Eastbound 0.00 <5 A 0.00 <5 A 0.00 <5 A
Long Ridge Road Westbound 0.00 <5 A 0.00 <5 A 0.00 <5 A

Southbound 0.01 9 A 0.01 9 A 0.02 9 A
Long Ridge Road at Westbound n/a* n/a n/a n/a n/a n/a 0.01 9 A
Proposed Gite  Southbound Left n/a n/a n/a n/a n/a n/a 0.00 <5 A
Driveway

Volume-to-capacity ratio

2Average control delay per vehicle (in seconds)

3Level of service
n/a =not applicable

As summarized in Tables 7 and 8, operations at study intersections are generally below

capacity, with LOS D or better operations. Delay increases due to the proposed development

are negligible (<3 seconds). The exception is the River Road approach to Route 225 during the
weekday evening peak hour which currently experiences relatively long delays (LOS F

operations).

However, project-related trip increases at this intersection amount to one

additional vehicle every 6 minutes — an amount that is imperceptible to the average motorist
and is not expected to materially impact intersection operations.
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5.0 INTERIOR ROADWAY LAYOoUur

5.1 ROADWAY DESIGN

The site has been designed to include a 24-foot wide interior roadway and 40-foot curb radii at
its intersection with Long Ridge Road which meets or exceeds local design standards.

5.2 SITE CIRCULATION

An AutoTurn® analysis for the Town’s emergency apparatus (aerial ladder truck) is provided
in the Appendix and simulates the vehicle’s travel path through the site. Landscaping and
other obstructions could potentially restrict sight lines on the inside of the horizontal curve at
Unit 18. As such, a no-planting area should be designated along its frontage.

According to the Carlisle Public School’s website, the nearest school bus stop is located at the
intersection of Long Ridge Road and Nowell Farme Road. Given the existing bus route, this
existing stop or a potential bus stop at the entrance to the proposed development limits the
need for school bus traffic to circulate within the site.

5.3 INTERSECTION SPACING

Design guidelines® generally recommend a minimum 50- to 125-foot spacing between offset
intersections in order to eliminate potential conflicts between back-to-back left-turning vehicles.
The proposed site roadway provides approximately 120-foot centerline spacing to Garnet Rock
Lane located to the west and therefore falls within this range. In addition, since Garnet Rock
Lane is not expected to be used by site traffic, back-to-back left-turn conflicts are unlikely to
occur. Nevertheless, the 120-foot spacing could accommodate the infrequent back-to-back left
turn situation.

3 Project Development & Design Guide, Massachusetts Highway Department dated 2006 & Neighborhood Street Design
Guidelines, Institute of Transportation Engineers, 2010
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Development of the site to include 20 single-family homes will generate modest traffic increases
— 25 vehicle trips or less during peak hours. The proposed residential development is not
expected to materially impact operating conditions at the study intersections during peak
hours; no change in intersection operations are anticipated. The study area roadways and
intersections generally provide ample capacity to support project-related traffic. The River
Road approach to Route 225 operates with relatively long delays (LOS F operations) during the
weekday evening peak hour. However, project-related trip increases at this intersection
amount to one additional vehicle every 6 minutes — an amount that is imperceptible to the
average motorist and is not expected to materially impact intersection operations. MDM
recommends the following on-site improvements to enhance traffic operations:

o In order to better accommodate emergency apparatus, on-street parking around the cul-
de-sac should be prohibited to enhance site circulation. In addition, landscaping could
potentially limit sight lines on the inside of the horizontal curve at Unit 18. As such, a
no-planting area should be designated along its frontage.

0 MDM recommends that any plantings (shrubs/bushes) or structures (fences, walls,
signs, etc.) be maintained at a height of 2 feet or less within the Long Ridge Road layout
at the site roadway intersection to ensure clear sight lines to approaching traffic.

o MUTCD compliant signs and pavement markings are recommended at the proposed
site driveway along Long Ridge Road. Signs and pavement markings should including
a “STOP” sign (R1-1) and STOP line pavement markings.

Independent of the proposed residential development, MDM suggests that the Town conduct
routine maintenance of the trees and vegetation located in the southwest and northwest
quadrant of the River Road/Nowell Farme Road/Skelton Road intersection to improve driver
sight lines at this location. In addition, MDM suggests that the Town consider formalizing a
secondary means of access (gated) to the existing Nowell Farme Road neighborhood via
Prospect Street for emergency purposes if desired by local emergency responders.
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HCM 2010 TWSC 2019 No-Build Condition
1. Bedford Road (Route 225) & River Road/887 Bedford Road Driveway Weskday Evening Peak Hour

Intersection
Int Delay, siveh

Movement SBL SBT SBR
Vol, veh/h 0 162 80
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free  Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 93 a3 a3
Heavy Vehicles, % 0 1 0
Mvmt Flow 0 174 86
Major/Minor Major2
Conflicting Flow Al 628 0 0
Stage 1 - - -
Stage 2 - - -
Critical Hdwy 4.1 - -

Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.2 - -
Pot Cap-1 Maneuver 964 - -
Stage 1 - - -
Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 964 - -
Mov Cap-2 Maneuver - - -
Stage 1 - - -
Stage 2 - - -

Approach SB
HCM Control Delay, s 0
HCM LOS

Minor Lane/Major Mvmt

G:\Projects\779 - Carlisie (Lifetime)\Synchro\779 NBPM.syn
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HCM 2010 TWSC

2. Bedford Road (Route 225) & Skelton Road

2019 No-Build Condition
Weekday Evening Peak Hour

Intersection

[nt Delay, s/veh 0.8

Movement EBL EBR NBL  NBT SBT  SBR

Vol, veh/h 2 37 35 576 163 1

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Stop Stop Free  Free Free  Free

RT Channelized - None - None - None

Storage Length 0 - - - - -

Veh in Median Storage, # 0 - - 0 0 -

Grade, % 0 - - 0 0 -

Peak Hour Factor 97 97 97 g7 97 97

Heavy Vehicles, % 0 3 0 0 1 100

Mvmt Flow 2 38 36 594 168 1

Major/Minor Minor2 Major1 Major2

Conflicting Flow All 835 169 169 0 - 0
Stage 1 169 - - - - -
Stage 2 666 - - - - -

Critical Hdwy 6.4 6.23 4.1 - - -

Critical Hdwy Stg 1 5.4 - - - - -

Critical Hdwy Stg 2 5.4 - - - -

Follow-up Hdwy 3.5 3.327 2.2 -

Pot Cap-1 Maneuver 340 872 1421 -
Stage 1 866 - - -
Stage 2 515 - - - - -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 327 872 1421 - - -

Mov Cap-2 Maneuver 327 - - - - -
Stage 1 866 - - - -
Stage 2 495 - - - -

Approach EB NB SB

HCM Control Delay, s 9.7 04 0

HCM LOS A

Minor Lane/Major Mvmt NBL  NBT EBLn1 SBT  SBR

Capacity (veh/h) 1421 - 803 - -

HCM Lane V/C Ratio 0.025 - 005 - -

HCM Control Delay (s) 76 0 97 - -

HCM Lane LOS A A A - -

HCM 95th %tile Q{veh) 0.1 - 0.2 - -
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HCM 2010 TWSC

3: River Road & Nowell Farme Road/Skelton Road

2019 No-Build Condition

Weekday Evening Peak Hour

Intersection

Int Delay, siveh 1.8

Movement EBL EBT EBR WBL  WBT WBR NBL  NBT NBR

Vol, veh/h 11 8 1 32 3 2 7 283 30

Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0

Sign Control Stop  Stop  Stop Stop  Stop  Stop Free Free  Free

RT Channelized - - None - - None - - None

Storage Length - - - - - - - - -

Veh in Median Storage, # - 0 - - 0 - - 0 -

Grade, % - 0 - - 0 - - 0 -

Peak Hour Factor 84 84 84 84 84 84 84 84 84

Heavy Vehicles, % 0 0 0 0 0 0 0 1 4

Mvmt Flow 13 10 1 38 4 2 8 337 36

Major/Minor Minor2 Minor1 Major1

Conflicting Flow All 470 485 89 472 470 355 92 0 0
Stage 1 96 96 - 371 371 - - - -
Stage 2 374 389 - 101 99 - - - -

Critical Hdwy 7.1 6.5 6.2 7.1 6.5 6.2 4.1 - -

Critical Hdwy Stg 1 6.1 55 - 6.1 5.5 - - - -

Critical Hdwy Stg 2 6.1 5.5 - 6.1 55 - - - -

Follow-up Hdwy 3.5 4 3.3 3.5 4 33 2.2 - -

Pot Cap-1 Maneuver 507 485 975 506 495 693 1515 - -
Stage 1 916 819 - 653 623 - - - -
Stage 2 651 612 - 910 817 - - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver 498 480 975 494 490 693 1515 - -

Mov Cap-2 Maneuver 498 480 - 494 490 - - - -
Stage 1 910 816 - 648 619 - - - -
Stage 2 641 608 - 895 814 - - -

Approach EB WB NB

HCM Control Delay, s 12.5 12.9 0.2

HCM LOS B B

Minor Lane/Major Mvmt NBL  NBT NBR EBLn1 WBLn1 SBL SBT SBR

Capacity (veh/h) 1515 - - 503 501 1197 - -

HCM Lane V/C Ratio 0.006 - - 0.047 0.083 0.003 - -

HCM Control Delay (s) 74 0 - 125 129 8 0 -

HCM Lane LOS A A - B B A A -

HCM 95th %tile Q(veh) 0 - - 0.1 0.3 0 - -
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HCM 2010 TWSC
3: River Road & Nowell Farme Road/Skelton Road

2019 No-Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh

Movement SBL SBT  SBR
Vol, veh/h 3 72 5
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free  Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 84 84 84
Heavy Vehicles, % 0 0 0
Mvmt Flow 4 86 6
Major/Minor Major2
Conflicting Flow All 373 0 0
Stage 1 - - -
Stage 2 - - -
Critical Hdwy 4.1 - -

Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -

Follow-up Hdwy 22 - -

Pot Cap-1 Maneuver 1197 - -
Stage 1 - - -
Stage 2 - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver 1197 - -

Mov Cap-2 Maneuver - - -
Stage 1 - - -
Stage 2 - - -

Approach SB

HCM Control Delay, s 0.3

HCM LOS

Minor Lane/Major Mvmt
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HCM 2010 TWSC

4: Nowell Farme Road & Long Ridge Road

2019 No-Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, siveh 2.2

Movement EBL  EBT WBT WBR SBL SBR

Val, veh/h 0 6 1 2 3 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 65 65 65 65 65 65

Heavy Vehicles, % 0 0 100 0 0 0

Mvmt Flow 0 9 2 3 5 0

Major/Minor Major1 Major2 Minor2

Confiicting Flow All 5 0 - 0 12 3
Stage 1 - - - - 3 -
Stage 2 - - - - ¢ -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 5.4 -

Critical Hdwy Stg 2 - - - 54 -

Follow-up Hdwy 22 - - 3.5 3.3

Pot Cap-1 Maneuver 1630 - - - 1013 1087
Stage 1 - - - - 1025 -
Stage 2 : - - - - 1019 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1630 - - - 1013 1087

Mov Cap-2 Maneuver - - - - 1013 -
Stage 1 - - - - 1025 -
Stage 2 - - - - 1019 -

Approach EB WB SB

HCM Control Delay, s 0 0 8.6

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLni

Capacity (veh/h) 1630 - - - 1013

HCM Lane V/C Ratio - - - - 0.005

HCM Control Delay (s) 0 - - - 8.6

HCM Lane LOS A - - A

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC

2019 Build Condition
1: Bedford Road (Route 225) & River Road/887 Bedford Road Driveway Weekday Morning Peak Hour

Intersection

Int Delay, s/veh 1.9

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR

Vol, veh/h 65 2 0 0 0 1 2 117 1

Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0

Sign Control Stop  Stop  Stop Stop Stop  Stop Free Free  Free

RT Channelized - - None - - None - - None

Storage Length - - - - - - - - -

Veh in Median Storage, # - 0 - - 0 - - 0 -

Grade, % - 0 - - 0 - - 0 -

Peak Hour Factor 83 83 83 83 83 83 83 83 83

Heavy Vehicles, % 0 0 0 4 0 0 0 4 0

Mvmt Flow 78 2 0 0 0 1 2 141 1

Major/Minor Minor2 Minor1 Major1

Conflicting Flow All 952 852 798 952 1130 142 977 0 0
Stage 1 805 805 - 148 146 - - - -
Stage 2 147 147 - 806 984 - - - -

Critical Hdwy 741 8.5 6.2 7.14 8.5 6.2 4.1 - -

Critical Hdwy Stg 1 6.1 5.5 - 6.14 55 - - - -

Critical Hdwy Stg 2 6.1 55 - 8.14 55 - - - -

Follow-up Hdwy 3.5 4 3.3 3.536 4 3.3 2.2 - -

Pot Cap-1 Maneuver 241 261 389 237 205 911 714 -
Stage 1 379 398 - 852 780 - - -
Stage 2 860 779 - 373 329 - - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver 239 258 389 234 203 911 714 - -

Mov Cap-2 Maneuver 239 258 - 234 203 - - - -
Stage 1 378 395 - 849 778 - - -
Stage 2 856 777 - 368 327 - - -

Approach EB WB NB

HCM Control Delay, s 2714 9 0.2

HCM LOS D A

Minor Lane/Major Mvmt NBL NBT NBR EBLnt WBLn1 SBL  SBT SBR

Capacity (veh/h) 714 - - 240 911 1453 - -

HCM Lane V/C Ratio 0.003 - - 0336 0.001 0.002 - -

HCM Control Delay (s) 10.1 0 - 274 9 7.5 0 -

HCM Lane LOS B A - D A A A -

HCM 95th %tile Q(veh) 0 - - 1.4 0 0 - -
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HCM 2010 TWSC 2019 Build Condition
1. Bedford Road (Route 225) & River Road/887 Bedford Road Driveway Weekday Moming Peak Hour

Intersection
Int Delay, s/veh

Movement SBL SBT SBR
Vol, veh/h 3 513 298
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free  Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 83 83 83
Heavy Vehicles, % 0 1 0
Mvmt Flow 4 618 359
Major/Minor Major2
Conflicting Flow Al 142 0 0
Stage 1 - - -
Stage 2 - - -
Critical Hdwy 4.1 - -

Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -

Follow-up Hdwy 2.2 - -

Pot Cap-1 Maneuver 1453 - -
Stage 1 - - -
Stage 2 - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver 1453 - -

Mov Cap-2 Maneuver - - -
Stage 1 - - -
Stage 2 - - -

Approach SB

HCM Control Delay, s 0

HCM LOS

Minor Lane/Major Mvmt
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HCM 2010 TWSC

2: Bedford Road (Route 225) & Skelton Road

2019 Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, siveh 0.7

Movement EBL EBR NBL  NBT SBT  SBR

Vol, veh/h 0 15 32 17 511 1

Conflicting Peds, #fhr 0 0 0 0 0 0

Sign Control Stop Stop Free  Free Free  Free

RT Channelized - None - None - None

Storage Length 0 - - - - -

Veh in Median Storage, # 0 - - 0 0 -

Grade, % 0 - - 0 0 -

Peak Hour Factor 80 80 80 80 80 80

Heavy Vehicles, % 0 0 7 5 1 100

Mvmt Flow 0 19 40 146 839 1

Major/Minor Minor2 Major1 Major2

Conflicting Flow Al 865 639 640 0 - 0
Stage 1 639 - - - - -
Stage 2 226 - - - - -

Critical Hdwy 6.4 6.2 417 - -

Critical Hdwy Stg 1 5.4 - - - - -

Critical Hdwy Stg 2 54 - - - - -

Follow-up Hdwy 3.5 3.3 2.263 - - -

Pot Cap-1 Maneuver 327 480 921 - - -
Stage 1 530 - - - - -
Stage 2 816 - - - - -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 312 480 921 - - -

Mov Cap-2 Maneuver 32 - - - - -
Stage 1 530 - - - - -
Stage 2 778 - - - - -

Approach EB NB SB

HCM Control Defay, s 12.8 2 0

HCM LOS B

Minor Lane/Major Mvmt NBL  NBT EBLnt SBT  SBR

Capacity (veh/h) 921 - 480 - -

HCM Lane V/C Ratio 0.043 - 0.039 - -

HCM Cantrol Delay (s) 9.1 0 128 -

HCM Lane LOS A A B - -

HCM 95th %tile Q{veh) 0.1 - 0.1 - -
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HCM 2010 TWSC

3: River Road & Nowell Farme Road/Skelton Road

2019 Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, siveh

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR

Vol, veh/h 15 7 15 27 5 3 2 49 8

Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0

Sign Control Stop  Stop  Stop Stop  Stop  Stop Free Free  Free

RT Channelized - - None - - None - - None

Storage Length - - - - - - - - -

Veh in Median Storage, # - 0 - - 0 - - 0 -

Grade, % - 0 - - 0 - - 0 -

Peak Hour Factor 95 95 95 95 95 95 95 95 95

Heavy Vehicles, % 0 0 13 8 0 0 0 4 0

Mvmt Flow 16 7 16 28 5 3 2 52 6

Major/Minor Minor2 Minor1 Major1

Conflicting Flow All 378 377 313 385 376 55 315 0 0
Stage 1 315 315 - 89 59 - - - -
Stage 2 63 62 - 326 317 - - - -

Critical Hdwy 7.1 65 633 7.18 8.5 6.2 41 - -

Critical Hdwy Stg 1 6.1 55 - 6.18 55 - - - -

Critical Hdwy Stg 2 6.1 55 - 6.18 55 - - - -

Follow-up Hdwy 35 4 3417 3.572 4 3.3 22 - -

Pot Cap-1 Maneuver 583 558 702 563 558 1018 1257 - -
Stage 1 700 659 - 938 850 - - - -
Stage 2 953 847 - 674 658 - - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver 576 556 702 544 556 1018 1257 - -

Mov Cap-2 Maneuver 576 556 - 544 556 - - -
Stage 1 699 658 - 936 848 - - - -
Stage 2 942 845 - 851 857 - - - -

Approach EB WB NB

HCM Control Delay, s 11.2 11.8 0.3

HCM LOS B B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR

Capacity (veh/h) 1257 - - 817 568 1559 - -

HCM Lane V/C Ratio 0.002 - - 0.063 0.0865 0.001 - -

HCM Control Delay (s) 7.9 0 - M2 18 7.3 0 -

HCM Lane LOS A A - B B A A -

HCM 95th %tile Q(veh) 0 - - 0.2 0.2 0 - -

G:\Projects\779 - Carlisle (Lifetime)\Synchro\779 BAM.syn
MDM Transportation Consultants, Inc.



HCM 2010 TWSC
3: River Road & Nowell Farme Road/Skelton Road

2019 Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, siveh

Movement SBL SBT SBR
Vol, veh/h 1 295 4
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # : - 0 -
Grade, % - 0 -
Peak Hour Factor 95 95 85
Heavy Vehicles, % 0 0 0
Mvmt Flow 1 3N 4
Major/Minor Maijor2
Conflicting Fiow All 58 0 0

Stage 1 - -

Stage 2 - - -
Critical Hdwy 4.1 - -

Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -

Follow-up Hdwy 2.2 - -

Pot Cap-1 Maneuver 1559 - -
Stage 1 - - -
Stage 2 - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver 1559 - -

Mov Cap-2 Maneuver - - -
Stage 1 - - -
Stage 2 - - -

Approach SB

HCM Control Delay, s 0

HCM LOS

Minor Lane/Major Mvmt
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HCM 2010 TWSC

4: Nowell Farme Road & Long Ridge Road

2019 Build Condition
Weekday Morning Peak Hour

Infersection

[nt Delay, s/veh 5.8

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 0 2 1 7 21 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 83 83 83 83 83 83

Heavy Vehicles, % 0 0 0 0 0 0

Mvmt Flow 0 2 1 8 25 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 10 0 - 0 7 5
Stage 1 - - - - 5 -
Stage 2 - - - 2 -

Critical Hdwy 41 - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 5.4 -

Follow-up Hdwy 2.2 - - 3.5 3.3

Pot Cap-1 Maneuver 1623 - - - 1019 1084
Stage 1 - - - - 1023 -
Stage 2 - - - 1026 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1623 - - 1019 1084

Mov Cap-2 Maneuver - - - - 1019 -
Stage 1 - - - - 1023 -
Stage 2 - - - 1026 -

Approach EB WB SB

HCM Control Delay, s 0 0 8.6

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1623 - - - 1019

HCM Lane V/C Ratio - - - - 0.025

HCM Control Delay (s) 0 - - - 8.6

HCM Lane LOS A - - - A

HCM 95th %tile Q(veh) 0 - - - 0.1
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HCM 2010 TWSC
5. Long Ridge Road & Proposed Site Driveway

2019 Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, siveh 55

Movement WBL WBR NBT NBR SBL S8BT

Vol, veh/h 18 0 1 6 0 3

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Stop Stop Free  Free Free  Free

RT Channelized - None - None - None

Storage Length 0 - - - -

Veh in Median Storage, # 0 - 0 - - 0

Grade, % 0 - 0 - - 0

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 0 0 0 0 0

Mvmt Flow 20 0 1 7 0 3

Major/Minor Minor1 Major1 Major2

Conflicting Flow All 7 4 0 0 8 0
Stage 1 4 - - - - -
Stage 2 3 - - - - -

Critical Hdwy 6.4 6.2 - - 4.1 -

Critical Hdwy Stg 1 5.4 - - - - -

Critical Hdwy Stg 2 5.4 - - - - -

Follow-up Hdwy 35 3.3 - - 22 -

Pot Cap-1 Maneuver 1019 1085 - - 1625 -
Stage 1 1024 - - - - -
Stage 2 1025 - - - - -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1019 1085 - - 1625 -

Mov Cap-2 Maneuver 1019 - - - - -
Stage 1 1024 - - - - -
Stage 2 1025 - - - - -

Approach WB NB SB

HCM Control Delay, s 8.6 0 0

HCMLOS A

Minor Lane/Major Mvmt NBT  NBR WBLn1 SBL  SBT

Capacity (veh/h) - - 1019 1625 -

HCM Lane V/C Ratio - 0.018 - -

HCM Control Delay (s) - - 8.6 0 -

HCM Lane LOS - - A A -

HCM 95th %tile Q(veh) - - 0.1 0 -
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HCM 2010 TWSC

1. Bedford Road (Route 225) & River Road/887 Bedford Road Driveway

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Inf Delay, siveh 34.8

Movement EBL EBT EBR WBL WBT WBR NBL  NBT NBR

Vol, veh/h 295 0 5 1 0 1 0 584 0

Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0

Sign Control Stop  Stop  Stop Stop  Stop  Stop Free Free  Free

RT Channelized - - None - - None - - None

Storage Length - - - - - - - - -

Veh in Median Storage, # - 0 - - 0 - 0 -

Grade, % - 0 - - 0 - - 0

Peak Hour Factor 93 93 93 a3 93 93 93 93 93

Heavy Vehicles, % 0 0 0 1 0 0 0 1 0

Mvmt Flow 317 0 5 1 0 1 0 628 0

Major/Minor Minor2 Minor1 Majort

Conflicting Flow All 848 848 220 851 895 628 267 0 0
Stage 1 220 220 - 628 628 - - - -
Stage 2 628 628 - 223 267 - - - -

Critical Hdwy 7.1 6.5 8.2 7.11 6.5 6.2 4.1 - -

Critical Hdwy Stg 1 6.1 55 - 6.11 55 - - - -

Critical Hdwy Stg 2 6.1 55 - 6.11 55 - - - -

Follow-up Hdwy 3.5 4 3.3 3.509 4 3.3 22 - -

Pot Cap-1 Maneuver ~ 284 301 825 281 282 487 1308 - -
Stage 1 787 725 - 472 479 - - - -
Stage 2 474 479 - 782 692 - - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver ~ 283 301 825 279 282 487 1308 - -

Mov Cap-2 Maneuver ~283 301 - 279 282 - - - -
Stage 1 787 725 - 472 479 - - - -
Stage 2 473 479 - 777 692 - - - -

Approach EB WB NB

HCM Confrol Delay, s 131.3 15.2 0

HCM LOS F C

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL  SBT  SBR

Capacity (veh/h) 1308 - - 286 355 964 - -

HCM Lane V/C Ratio - - - 1128 0.006 - - -

HCM Confrol Delay (s) 0 131.3  15.2 0 - -

HCM Lane LOS A - F C A - -

HCM 95th %tile Q(veh) 0 - - 135 0 0 - -

Notes

~: Volume exceeds capacity

$: Delay exceeds 300s

+; Computation Not Defined

* All major volume in platoon
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HCM 2010 TWSC 2019 Build Condition
1. Bedford Road (Route 225) & River Road/887 Bedford Road Driveway Weekday Evening Peak Hour

Intersection
[nt Delay, s/veh

Movement SBL SBT SBR
Vol, veh/h 0 162 86
Conflicting Peds, #/hr : 0 0 0
Sign Control Free  Free  Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 93 93 a3
Heavy Vehicles, % 0 1 0
Mvmt Flow 0 174 92
Major/Minor Major2 .
Conflicting Flow All 628 0 0
Stage 1 - - -
Stage 2 - - -
Critical Hdwy 4.1 - -

Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 22 - -
Pot Cap-1 Maneuver 964 - -
Stage 1 - - -
Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 964 - -
Mov Cap-2 Maneuver - - -
Stage 1 - - -
Stage 2 - - -

Approach SB

HCM Control Delay, s 0
HCM LOS

Minor Lane/Major Mvmt
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HCM 2010 TWSC

2: Bedford Road (Route 225) & Skelton Road

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, siveh 0.8

Movement EBL EBR NBL  NBT SBT  SBR

Vol, veh/h 2 38 39 576 163 1

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Stop Stop Free  Free Free  Free

RT Channelized - None - None - None

Storage Length 0 - - - - -

Veh in Median Storage, # 0 - - 0 0 -

Grade, % 0 - - 0 0 -

Peak Hour Factor 97 97 97 97 97 97

Heavy Vehicles, % 0 3 0 0 1 100

Mvmt Flow 2 39 40 594 168 1

Major/Minor Minor2 Major1 Major2

Conflicting Flow All 843 169 169 0 - 0
Stage 1 169 - - - - -
Stage 2 674 - - - - -

Critical Hdwy 6.4 6.23 41 - - -

Critical Hdwy Stg 1 5.4 - - - - -

Critical Hdwy Stg 2 5.4 - - - - -

Follow-up Hdwy 35 3.327 22 - - -

Pot Cap-1 Maneuver 337 872 1421 - - -
Stage 1 866 - - - - -
Stage 2 510 - - - - -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 323 872 1421 - - -

Mov Cap-2 Maneuver 323 - - - - -
Stage 1 866 - - - - -
Stage 2 489 - - - - -

Approach EB NB SB

HCM Control Delay, s 9.7 0.5 0

HCM LOS A

Minor Lane/Major Mvmt NBL  NBT EBLn1 SBT  SBR

Capacity (veh/h) 1421 - 804 - -

HCM Lane V/C Ratio 0.028 - 0.051 - -

HCM Control Delay (s) 7.6 0 97 -

HCM Lane LOS A A A - -

HCM 95th %tile Q(veh) 0.1 - 0.2 - -
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HCM 2010 TWSC

3: River Road & Nowell Farme Road/Skelton Road

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh 2.1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR

Vol, veh/h 15 9 5 32 7 2 13 283 30

Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0

Sign Control Stop  Stop  Stop Stop  Stop  Stop Free Free  Free

RT Channelized - - None - - None - - None

Storage Length - - - - - - - -

Veh in Median Storage, # - 0 - - 0 - 0 -

Grade, % - 0 - - 0 - - 0 -

Peak Hour Factor 84 84 84 84 84 84 84 84 84

Heavy Vehicles, % 0 0 0 0 0 0 0 1 4

Mvmt Flow 18 11 6 38 8 2 15 337 36

Major/Minor Minor2 Minor1 Major1

Conflicting Flow All 490 503 92 494 492 355 99 0 0
Stage 1 99 99 - 386 386 - - - -
Stage 2 3N 404 - 108 106 - - - -

Critical Hdwy 7.1 8.5 6.2 7.1 6.5 6.2 41 - -

Critical Hdwy Stg 1 6.1 5.5 - 6.1 5.5 - - - -

Critical Hdwy Stg 2 6.1 8.5 - 6.1 55 - - - -

Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 22 - -

Pot Cap-1 Maneuver 492 474 971 489 481 693 1507 - -
Stage 1 912 817 - 641 614 - - - -
Stage 2 637 803 - 902 811 - - - -

Platoon blocked, % - -

Mov Cap-1 Maneuver 477 466 a7 471 473 693 1507 - -

Mov Cap-2 Maneuver 477 466 - 471 473 - - - -
Stage 1 900 814 - 633 606 - - -
Stage 2 618 595 - 881 808 - - -

Approach EB WB NB

HCM Control Delay, s 12.4 134 0.3

HCM LGS B B

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL  SBT  SBR

Capacity (veh/h) 1507 - - 519 479 1197 - -

HCM Lane V/C Ratio 0.01 - - 0067 0102 0.003 - -

HCM Control Delay (s) 74 0 - 124 134 8 0 -

HCM Lane LOS A A - B B A A -

HCM 95th %tile Q(veh) 0 - - 0.2 0.3 0 - -
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HCM 2010 TWSC
3: River Road & Nowell Farme Road/Skelton Road

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh

Movement SBL  SBT SBR
Vol, veh/h 3 72 11
Conflicting Peds, #/hr 0 0 0
Sign Control Free  Free  Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 84 84 84
Heavy Vehicles, % 0 0 0
Mvmt Flow 4 86 13
Major/Minor Major2
Conflicting Flow Al 373 0 0
Stage 1 - - -
- Stage 2 - - -
Critical Hdwy 41 - -

Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.2 - -
Pot Cap-1 Maneuver 1197 - -
Stage 1 - - -
Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1197 - -
Mov Cap-2 Maneuver - - -
Stage 1 - - -
Stage 2 - - -

Approach SB

HCM Control Delay, s 0.3
HCM LOS

Minor Lane/Major Mvmt
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HCM 2010 TWSC

4: Nowell Farme Road & Long Ridge Road

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, sfveh 2.8

Movement EBL  EBT WBT WBR SBL SBR

Vol, veh/h 0 6 1 18 12 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 65 65 65 65 65 85

Heavy Vehicles, % 0 0 100 0 0 0

Mvmt Flow 0 9 2 28 18 0

Major/Minor Major1 Maijor2 Minor2

Conflicting Flow Al 29 0 - 0 24 15
Stage 1 - - - - 15 -
Stage 2 - - - - 9 -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 22 - - - 3.5 3.3

Pot Cap-1 Maneuver 1597 - - - 997 1070
Stage 1 - - - - 1013 -
Stage 2 - - - - 1019

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1597 - - - 997 1070

Mov Cap-2 Maneuver - - - - 997 -
Stage 1 - - - - 1013 -
Stage 2 - - - - 1019 -

Approach EB WB SB

HCM Control Delay, s 0 0 8.7

HCM LOS A

Minor Lane/Major Mvmt EBL. EBT WBT WBR SBLnt

Capacity (veh/h) 1597 - - - 997

HCM Lane V/C Ratio - - - - 0018

HCM Control Delay (s) 0 - - - 8.7

HCM Lane LOS A - - - A

HCM 95th %tile Q(veh) 0 - - - 0.1
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HCM 2010 TWSC
5. Long Ridge Road & Proposed Site Driveway

2019 Build Condition
Weekday Evening Peak Hour

Intersection
Int Delay, siveh 2.6
- Movement WBL WBR NBT ~ NBR SBL  SBT

Vol, veh/h 9 0 2 16 0 3

Confiicting Peds, #/hr 0 0 0 0 0 0

Sign Control Stop Stop Free  Free Free  Free

RT Channelized - None - None - None

Storage Length 0 - - - - -

Veh in Median Storage, # 0 - 0 - - 0

Crade, % 0 - 0 - - 0

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 0 0 0 0 0

Mvmt Fiow 10 0 2 17 0 3

Major/Minor Minort Major1 Major2

Conflicting Flow All 14 11 0 0 20 0
Stage 1 11 - - - - -
Stage 2 3 - - - - -

Critical Hdwy 6.4 6.2 - - 41 -

Critical Hdwy Stg 1 54 - - - - -

Critical Hdwy Stg 2 54 - - - - -

Follow-up Hdwy 3.5 3.3 - - 2.2 -

Pot Cap-1 Maneuver 1010 1076 - - 1609 -
Stage 1 1017 - - - - -
Stage 2 1025 - - - - -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1010 1076 - - 1609 -

Mov Cap-2 Maneuver 1010 - - - - -
Stage 1 1017 - - - - -
Stage 2 1025 - - - - -

Approach WB NB SB

HCM Control Delay, s 8.6 0 0

HCM LOS A

Minor Lane/Major Mvmt NBT  NBR WBLnt SBL  SBT

Capacity (veh/h) - - 1010 1609 -

HCM Lane V/C Ratio - - 0.0 - -

HCM Control Delay (s) - - 8.6 0 -

HCM Lane LOS - - A A -

HCM 95th %tile Q(veh) - - 0 0 -
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0 AutoTurn® Analysis
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